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By: James P. Burelbach, PhD,  Senior Consulting Engineer, Fauske & Associates, LLC

P revent ion of  f lamma b i l i t y  a nd  exp l os i on hazards  and 
minimizat ion  of  tox i c  re l ea se  c a n b e  a c hi eved by  proper ly 
des igning a  monitor i ng a nd  cont ro l  s ystem.   A  prac t ica l 
tool  such as  FATE TM i s  i d ea l  for  re f i n i ng t he  d is t r ibut ion of 
f lammable  gas  (or  d us t )  a nd  q ua nt i fy i ng a ny  unintended 
re lease  f rom a  process  fa c i l i t y.   S uc h a  re f i ned analys is 
becomes  more  cr i t i c a l  for  h i ghl y  comp a r t menta l ized 
s t ruc tures  where  l oc a l i zed  a cc umul at i on  c an occur.  
For  example,  indu s t r i a l  nat ura l  ga s  exp l os i ons  are  not 
uncommon,  usual l y  b ec a use  p urge  a nd  vent i lat ion 
procedures  are  not  a d eq uate.    H yd rogen explos ion r i sks  to 
the  p lant  and personnel  a re  c l ea r l y  i l l us t rated by  analys is  of 
the  events  that  unfo l d ed  i n  Fuk ushi ma ,  J a p an.
 
F ATE i s  a  unique Fa us ke  &  As s oc i ates ,  LLC  ( FAI ) - developed 
computer  code th at  ha s  seen ex tens i ve  use  in  suppor t ing 
hazardous  waste  t reat ment  a c t i v i t i es .   Conta iners ,  bui ld ings 
and processes  are  mod el ed  us i ng nod es,  j unc t ions  and 
heat  s inks  to  t rack  f l a mma b l e  ga s  re l ea s e,  s t rat i f icat ion  and 
d is t r ibut ion ,  a lon g w i t h  heat  t ra ns fer  a nd  a erosol  t ranspor t .  
M odel  opt ions  inc l ud e p l ume ent ra i nment ,  def lagrat ion  of 
gas  or  dust ,  conde nsat i on  a nd  a eros ol  for mat ion .   FATE  i s 
a l so  used for  f i re  acc i d ent  mod el i ng,  i n  p a r t icu lar  because 
i t  t racks  dens i t y  d r i ven f l ow  of  s t rat i f i ed  a nd potent ia l ly 
“smok y ” layers .   Suc h mod el s  a re  of  genera l  ut i l i t y  for  any 
fac i l i t y  where  the  evol v i ng d i s t r i b ut i on of  gas/aerosol  i s  o f 
potent ia l  concer n .

F ATE i s  a  prac t ica l  mod el i ng tool  w hi c h  c a ptures  the 
essent ia l  phys ics  w i t hout  resor t i ng  to  C F D (Computat ional 
Flu id  D ynamics)  tec hni q ues.   Thus  FAT E  i s  a menable  to 
model ing h ighly  comp a r t ment a l i zed  fa c i l i t ies  without 
being computat iona l l y  exp ens i ve.   FAT E  p rovides  s igni f icant 
technica l  advanta ges  over  ot her  l ump ed -p arameter  codes 
by  us ing embedde d  ( sub -nod a l )  d i s t r i b uted-parameter 
models .   For  examp l e,  FAT E  us es  a  t wo - l ayer  model  to  t rack 
gas  s t rat i f icat ion  i n  i nd i v i d ua l  nod es.   Th i s  a l lows  the  code 
to  predic t  p lume for mat i on a nd  st rat i f i c at i on  with in  rooms 
and thereby  deter mi ne t he  comp os i t i on  of  f low bet ween 
rooms,  inc luding p at hs  t hrough d oor s ,  w i ndows,  s ta i r wel l s , 
and vent i lat ion  sys tems  ( e i t her  a c t i ve  or  d i sabled) .  O ther 
examples  of  depar t ure  f rom t he  l ump ed -p a rameter 
approach inc lude t ra c k i ng of  a erosol  s i zed  d is t r ibut ions  and 
predic t ion  of  loca l  a eros ol  sources. 

Fa c i l i t y  Fire  and E nvironment al  R eleas e
A  f i re  acc ident  wi t h  sus t a i ned  energy  a nd  aerosol  re lease 
involves  many phys i c a l  p henomena  t hat  a f fec t  the 
t ranspor t  of  combust i on p rod uc t s  a nd  ot her  hazardous 
mater ia l  throughout  t he  fa c i l i t y  a nd  to  t he  envi ronment .  
Fi re  model ing mu s t  a ccommod ate  d i ver s e  room s izes  and 
vent i lat ion  des igns  ( b ot h  a c t i ve  a nd  p a ss i ve)  a long with 
the  somet imes  uncer t a i n  conf i gurat i on  of  doors  and other 
leak age/vent i lat ion  p at hs.   I t  c a n  b e  rea d i l y  demonstrated

Figure 2: Illustrating 
Foamy Behavior

with  FATE that  something as  s imple  as 
whether  a  door  i s  open or  c losed can 
s igni f icant ly  a f fec t  the  progress ion 
of  an  acc ident .  S imi lar ly,  the  bui ldup 
of  par t icu late  on a  f i l ter  e lement  can 
be  shown to  increase  the  assoc iated 
pressure  drop and degrade the 
per for mance of  a  vent i lat ion  system.

S oot  i s  the  dominant  aerosol 
component  dur ing a  f i re  and any 
assoc iated contaminat ion wi l l  tend to 
co -agglomerate  with  soot  par t ic les .  
Aerosols  can  be  depos i ted  on sur faces 
by  ther mophores is  and grav i tat ional 
sett l ing.   The  t ranspor t  and 
d is t r ibut ion of  soot  and assoc iated 
chemica l  (or  radioac t ive  or  b io logica l ) 
contaminat ion i s  thus  of  c r i t ica l 
impor tance  when doing a  f i re  analys is 
of  fac i l i t ies  which  handle  or  process 
potent ia l ly  tox ic  mater ia l .

I t  i s  not  s t ra ight for ward  to  predic t  a 
pr ior i  the  bounding conf igurat ions 
and scenar ios  dur ing a  fac i l i t y 
f i re ,  espec ia l ly  when cons ider ing 
the  system response  to  changing 
envi ronmenta l  fac tors  such as  room 
temperature,  pressure  d i f ferences, 
and soot  loading on vent i lat ion  f i l ters .  
I n  shor t ,  the  fac i l i t y  conf igurat ion 
can s igni f icant ly  impac t  the 
envi ronmenta l  re lease,  so  a  f lex ib le 
and fast  running code l ike  FATE i s  idea l 
for  e f f ic ient ly  ident i fy ing the  worst-
case  scenar io(s ) .

F igure  1  i l lust rates  some of  the  FATE 
f i re  model  features .  A l though the 
f igure  shows essent ia l ly  a  s ingle  room, 
FATE can handle  hundreds  of  rooms 
and f low paths  to  represent  a  la rge 
fac i l i t y.   I n  FATE,  a l l  contro l  vo lumes 
can be  s t rat i f ied  regions  whose  upper 
layer  ( t ypica l ly  ca l led  the  smok y 
layer  in  f i re  analys is )  has  a  d i f ferent 
composi t ion ,  energy  and temperature 
than that  of  the  lower  layer.   Flow 
bet ween regions  i s  d ic tated by  the 
re lat ive  pos i t ions  of  the  f low opening 
and evolv ing layer  he ights .

Continued on page 10
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Layers  might  mix  w i t h i n  a  regi on,  s ay  d ue to  a  dens i t y  invers ion  or  p lume entra inment .   Aerosols  can 
for m and sett le  f rom e i t her  l ayer  onto  col d  sur faces,  or  even sett le  f rom the  upper  layer  to  the  lower 
layer.

In FATE,  the  bui ld i ng vent i l at i on  hea d er s  a nd exhaust  s tack  are  t reated as  contro l  vo lumes.   The 
vent i lat ion  system may b e  op erat i ng ( a c t i ve)  or  d isabled (s tat ic ) .   Figure  2  shows a  s imple  net wor k  of 
rooms connec ted by  d uc t s ,  w i t h  a  l ow  d ens i t y  source  that  s t rat i f ies  on  the  top of  the  region volumes.  
The  analogous  s i tuat i on  of  a  h i gh d ens i t y  ( heavier  than a i r )  source  could  be  s imi lar ly  modeled.   FATE 
predic t ions  are  an  ef f i c i ent  mea ns  for  p os i t ioning monitor ing and contro l  inst ruments  and for  acc ident 
response  p lanning. 

D ust  and Entrained Cont amination
C ontamination release in  explosion scenar ios  is  of ten by entrainment of  deposited mater ia l .   L iquid pools 
or  f i lms  can be  atomi zed,  a nd  d ep os i ted  p owders  can  become a i r bor ne  given suf f ic ient  gas  f low dur ing 
vent ing of  bur ned  ga ses. 

F ATE not  only  al lows combustion of  gases,  vapors  and dusts,  but  a lso includes models  for  the entrainment 
of  contaminat ion a nd  d ep os i t i on  of  d ust .  FATE  ca lculates  loca l  ve loc i t y  f ie lds  and keeps  t rack  of  the 
deposited or  entrained mass.  Separate entrainment models  are  included for  the cases  of  powders,  l iquids, 
and y ie ld-st ress  (B i ngha m)  f l u i d s  b ec a us e  of  d i f ferences  in  the  under ly ing phys ics .  

A s  aerosol  contaminat ion i s  t ranspor ted f rom i ts  point  of  entra inment  to  the  envi ronment ,  par t ic les  wi l l 
coagulate  and be deposi ted by  var ious  mechanisms.   Coagulat ion and deposi t ion depend on the  par t ic le 
s ize  d ist r ibut ion.   FATE employs  a  peer- rev iewed approach us ing cor re lat ions  to  the  exac t  so lut ion of  the 
aerosol  equat ions  for  t he  l i mi t i ng  c a ses  of  an  aerosol  in  equi l ibr ium with  i t s  source  and with  decay  by 
sedimentat ion.   Th is  cor re lat ion approach compares  ver y  wel l  wi th  exper imenta l  data  commonly  used to 
va l idate  aerosol  mod el s .

T he boundar y  cond i t i ons  for  f l ow  a nd  vent i lat ion  have  a  huge impac t  on  the  abi l i t y  of  contaminat ion to 
be  reta ined or  re l ea sed.   Cont i nued  exha ust  f rom unaf fec ted process  rooms can be  benef ic ia l ,  but  th is 
needs  to  be cr i t ica l ly  examined i f  the in i t ia l  explos ion leads  to  a  secondar y  f i re  toward which a i r  might  be 
drawn f rom an unaffec ted process  room.   FATE calculat ions  c lear ly  demonstrate  that  the correc t  response 
to  a  f i re  or  explos i on i n  a  p roces s  a rea  i s  to  mainta in  i so lat ion  of  ha l lways  and,  i f  poss ib le,  to  ac t ivate  a 
f i l tered exhaust  sys tem.   The  wor st  c a s e  c a n be  to  a l low f i re  doors  to  be  opened,  which  a l lows  through 
f low of  a i r  for  second a r y  f i res  a nd  cont a mi nat ion re lease.

Figure 1. Fire Model Illustration

Figure 2. Low Density Gas Gradually Fills a Series of Rooms and Ducts

Continued on page 11
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Fl a mmable G as Acc umulat ion
T he  acc i dent  at  Fu k u shima has  c lear ly  demonstrated the  need to  eva l uate  the  potent ia l  for,  and 
conseq uences  o f,  f lammable  ga s  re lease,  and in  par t icu l ar  for  hydrogen.   FATE  uses  va l idated models 
which  sat i s f y  key  requ i reme nts  for  hydrogen d is t r ibut ion anal ys is :   p l ume for mat ion by  r i s ing  low-
dens i t y  f lam mable  gas  mix tu res ,  s t rat i f icat ion  of  such mix tures ,  dens i t y  dr iven counter- cur rent  gas 
f low,  bui ld i ng  and HVAC syste m de ta i l s  a nd heat  t ransfer  and condensat ion  ef fec ts .

F igure  3  shows a  s impl i f ie d  i l lu st rat ion  of  FATE ca l cul at ions  for  a  hydrogen bear ing gas  mix ture 
as  i t  pro pag ates  throu gh a  bu i ld ing.   Cross  f l ow  dist r ibut ion (3a)  depends  on the  countercur rent 
exchange f low o f  ga se s,  a s  we l l  a s  the  geometr y  and res is tance  of  connec t ing junc t ions.   The 
buoyant  hydro g en/ a i r  mix tu re  accu mu lates  ( s t rat i f ies )  near  the  ce i l ing  of  the  source  room, 
event ual ly  growing in  laye r  th ick ness  to  the  point  w here  i t  sp i l l s  into  adjacent  rooms.   Th is  i s  s imi lar 
in  ge o m et r y  to  a  ha l lway  with  a  ser ie s  of  open doors .   The  evol ut ion  of  ver t ica l  f l ow  and p l ume 
for mat i o n (3 b)  can  var y  a s  the  l ight  ga s  layer  grows to  eventual l y  inc l ude the  gas  source,  shown 
here  to  be  i n i t i a l ly  in  the  middle  node  ( room) .   The  r i s ing  p l ume entra ins  gas  as  i t  passes  upward 
thro ug h m ult i p le  rooms.   Eventu al ly,  the  mix ture  may be  vented to  the  envi ronment ,  preferably  in  a 
cont ro l led  manne r  with  f i l ters  or  scru bbers .   The  evol v ing concentrat ion  of  hydrogen in  each room 
guides  des i gn and p la ce me nt  of  hydrogen monitor ing and contro l  systems,  such as  igni ters  and 
recom bi ner s ,  to  k e e p hydrogen be low f lammabl e  l imits  dur ing and af ter  the  source  event .

3a

Figure 3. FATE Calculations

Summar y
F ATE i s  an  integra l  fac i l i t y  and 
process  model  that  cons iders  l ayer 
s t rat i f icat ion ,  p l ume behavior,  and 
dens i t y- dr iven counter- cur rent 
f l ow,  a l ong w ith  aerosol  for mat ion , 
t ranspor t ,  and depos i t ion .   FATE  i s 
e f fec t ive  at  model ing a  compl ex  fac i l i t y 
w i th  many rooms because  i t  inc l udes 
prac t ica l  model s  for  f i re  and expl os ion , 
a l ong w ith  inter- compar tmenta l 
f l ows  that  account  for  dens i t y  dr iven 
exchange and fu l l y  coupl ed engineered 
systems.   These  features  are  essent ia l 
to  comprehens ive  safet y  anal ys is  of  a 
fac i l i t y  w hich  might  exper ience  f i res 
or  dust  expl os ions  or  f l ammabl e  gas 
accumul at ion ,  and espec ia l l y  w here 
consequences  of  of fs i te  re l ease  would 
be  severe.

 

FAI showed its support for the Willowbrook/Burr 
Ridge Illinois Kiwanis  at their Annual Golf Outing on 
June 28, 2012.  FAI sponsored a hole  and  a foursome 
made up of  members of the FAI team,  including from 
left to right: Kris Fauske, President; Tom Johnson, 
Chemical Engineer; Ken Kurko, Manager, Thermal 
Hazards Testing & Consulting  and Zach Hachmeister, 
Operations Manager; participated in the event.
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